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Introduction - Natural Glass 


Some Libyan Desert Glass samples show grain or fiber at a very fine level without an obvious explanation. 
This is an informal description of what I see and a conjecture about its source. Minerals and geology are 
not my area, and what I propose here may already be well understood by students of the field 


My purpose is to describe the sand before it was heated and how it responded, not to discuss the event that 
created the glass. I will suggest that loose sand blown by the wind may create both varve-like planes a few 
grains thick, and proto-crystals like beads on a string, which can be captured and frozen under the right con- 
dition of heat and time. These features sketch a narrative for some of my samples, and incidentally provide 
potential evidence about the creation episode. 


Natural glass is created by varied events and appears all over the world. Obsidian is of course volcanic, and 
not of interest here. Fulgurites are created when lightning strikes the ground and creates tubes (generally) 
of fused minerals, and are also not of much interest here. 


Some naturally occurring glass consists of tektites thrown up by meteorite impacts. A tektite is molten 
splatter from the meteorite or the ground it strikes, typically found as gravel size, thrown considerable dis- 
tances and sometimes into low orbit. This may cool soon after it is launched, and it may go high enough 
that it heats again on re-entering the atmosphere. Tektites are frequently glassy, since they are melted min- 
erals. Moldavite is a glassy dark green tektite from a known meteorite hit 15 million years ago in southern 
Germany. This and other tektites have become popular for mystical purposes, so there are many fakes. 


Some natural glasses have been designated pseudotektites, a more or less informal label. These superficial- 
ly resemble tektites, being typically dark and pitted, but don’t seem to be impact products. Pseudotektites 
are mostly translucent and may appear layered, while true tektites are not internally organized. Pseudotek- 
tites have sometimes been interpreted as flow-layered obsidian. They have no origin consensus; it’s a term 
of convenience for a group that is not rigorously defined. 


Air-bursts of meteors or comets (as in the Tunguska Event or Chelyabinsk) are another possible source of 
naturally occurring glass, where the heat radiated from the burst is enough to melt minerals. An air-burst 
might be a high-altitude explosion of an obliquely entering meteor with effects limited mostly to shock 
waves. But they can scale up to low-altitude near-impact explosions which may be almost indistinguish- 
able from full impacts in the geologic record. Such low-altitude events may generate a wider heat signature 
and more natural glass than an actual impact. 


Recent developments have made it clear we are in the early stages of a magnetic pole shift or excursion. 
The theoretical work has indicated some of the geophysical forces that might be unleashed in the process, 
and these are now beginning to appear. One result is chaotic electromagnetic fluxes generated as the 
earth’s weakening magnetic field ceases to buffer the solar wind, cosmic rays, proton stream, and coronal 
mass ejections. This weakening allows our magnetic shield to be pressed down near the ground on the sun- 
facing side, and raises the possibility of electrical surges near ground level. 


The prime candidate here is the lowest of the L Shells, the electromagnetic paths spanning the globe north 
to south, constraining a constant current of low-energy particles that bounce from end to end without touch- 
ing the ground. If the magnetic field weakens, this shell can lower to near ground level, and given the right 
conditions the current may short directly to ground at its ends or along its length. The northern end of the 
lowest L Shell is approximately southern Europe’s latitude. If this were to short to ground it would be 
equivalent of an electric arc furnace, in contrast to the short duration of lightning. 
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Earth’s Magnetic Field Lines - L Shells 


A typical lightning strike has high voltage and relatively low current, perhaps 300 million volts and 30,000 
amps for half a second . What appears to be a single bolt is often multiple strikes, since the first strike cre- 
ates a path of ionized air which is then low-resistance, and succeeding strikes follow that path. An electric 
arc furnace has low voltage and relatively higher current, a few hundred volts and perhaps 50,000 amps run- 
ning for hours. An L Shell shorting to ground might carry several orders of magnitude more current, per- 
haps several hundred million amps, still at perhaps moderate voltage. This circuit could persist for hours. 
The first current flow (as with lightning) will create a low-resistance path that will tend to “stick open”. The 
contact may continue until the earth rotates the connection out of the sun’s direct pressure, at which point 
perhaps it jumps farther around the globe. 


Such currents could occur through the earth’s top layer of dirt or sand, through vegetation and forests, in the 
open ocean, and through the air near ground level. If such an electrical surge were through ground that was 
at all damp, it would likely explode in steam and dirt-projectiles, leaving only a crater and some fused earth. 
There are anecdotal reports of such craters, but apparently there is no systematic tally. If through forests 
and vegetation, it would cause fires; catastrophic fires apparently do correlate to past pole-shift events. But 
if the surface is arid, it might melt it either by conduction or by radiant heat from electric arcs near ground 
level. 


A lightning strike in sand or dirt creates a fulgurite - a 
hollow tube of fused mineral. Like magnetic charges re- 
pel, and the lightning current magnetizes the sand. As 
soon as the sand melts it is powerfully repelled by the 
other similarly charged sand, pushes out into the sur- 
rounding unmelted material, and sticks it together creat- 
ing the characteristic tubes. A shorting L Shell contact 
point could be many square miles in area, the voltage is 
moderate, and a repelling effect could happen only at the 
extreme margins. So there might be little or is no distur- 
bance of the ground materials in such an event. Rocks 
and sand would remain where they lie, and instantly melt 
in place. (At this date a shorting L Shell is wholly theo- 


retical.) Fulgurite 
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Another possibility is that naturally occurring glass is from a micro-nova. This results from the accumula- 
tion of galactic dust on the sun and its ejection in an explosive event. This is a new area of science, and the 
possible forces to be encountered are not yet well understood. This event is hypothesized to impact the 
earth with enough heat and radiation to eradicate essentially all life directly facing the sun at that moment - 
perhaps a quarter of the globe. Micro-novas have been observed on nearby stars. This micro-nova on its 
own has not been postulated to melt sand, but in conjunction with the weakened magnetic shield it might set 
up the trifecta that creates natural glass where a fortuitous electrical potential is present for arcing as the mi- 
cro-nova presses the L Shell to short circuit. 


A magnetic pole shift and micro-nova are novel explanations for the origin of desert glasses, but there are 
reasons to be cautious in considering them. Magnetic pole swap or excursion events are a rapidly develop- 
ing area of science, and some of these effects are as yet theoretical. So this line of inquiry is intriguing but 
not compelling. 


An arid environment is the most productive field of examination for the creation of natural glass, and is my 
focus here. As I will outline, my interest is in undisturbed sand and the effects of rapid melting; vegetation 
introduces chaos. So the only natural glasses of interest to me are desert glasses. I want to grasp a process, 
more than trace the history of a given place. 


Desert glass is vitrified silica sand (mostly) formed by high temperature in arid locations. It has been found 
in northern Africa, South America, Tasmania and Australia, at least. The most common and best known is 
Libyan Desert Glass, and has been recognized and collected for thousands of years. King Tut had a scarab 
carved of it in his tomb. It was identified by the scientific community in 1932, and has been the subject of 
expeditions and study ever since. Libyan Desert Glass (LDG) has a distinctive light green-yellow color and 
makes an attractive gem. It is the purest of the natural glasses. 


Introduction - Natural Glass 0.50 6 


Among natural glasses, Libyan Desert Glass in particular is in danger of becoming generic, a lapidary 
kleenex if you will. Sellers market purported rock samples as LDG which have no possible connection to 
Libya or Egypt. Presumably this improves their chance of being found by gem-seekers using search en- 
gines. There are many sellers of the stuff, most of that being in largely clear stones of probably under half 
an ounce, in the appropriate color, sold for gems. I suspect much of this may be fake, as it probably costs 
more to reach the Egyptian hinterlands than to color some glass and form it into plausible lumps. There are 
many pieces sold on eBay under the name Libyan Desert Glass which are obvious fakes, including garishly 
colored and suspiciously similar pieces. One can buy handfuls of marble-size items in any color you like, 
all called LDG. Desirable items appear to be the clear ones which will make better gems. 


LDG (both real and fake) is commonly marketed as a tektite. Partly this is because LDG has long been seri- 
ously suggested as a tektite by geologists, though it is more properly a pseudotektite. Partly this label 
comes from vendors who presumably think this will improve their search hit rate. Tektites are commonly 
the size of gravel, but LDG is reported in pieces of up to 800 kg, or 1800 Ibs. The piece below is 26 kg, and 
is in the Paris Natural History Museum. 
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Libyan Desert Glass 


The samples primarily used in this document are claimed to be Libyan Desert Glass, which I purchased 
from a single seller on eBay. (A couple samples from China and Germany are shown for contrast.) This 
seller appears to carry only LDG, and does not have any pieces which are clearly bogus. (I won’t include 
pictures of clearly bogus samples out of legal concern, but you can tell.) I cannot independently establish 
the provenance of his merchandise. A recommended method of verifying LDG is to test the hardness 
against household items, which I did using a file. LDG typically measures Mohs 7, which I can roughly 
verify for my samples. 


LDG has been characterized as variable combinations of loose silica sand, quartz, trace minerals, and fused 
sandstones with chemistry matching sandstones in the area where it’s found. Some of the trace minerals are 
of typical meteorite chemistry, some are indicative of high-pressure impacts such as by meteorites. 


LDG is widely sold as a gem, and the desirable pieces are typically clear, irregular but smoothed, and often 
the size of small gravel, perhaps half an ounce. I selectively purchased pieces with visible layers and inclu- 
sions, the more the better. These seemed to carry more information, but would have less value as gems. I 
suspect it would be difficult to counterfeit the features I shop for and will be discussing. In short I have 
reasonable confidence but no proof that my samples are genuine. This will be made clearer. 


LDG has been dated at 29 million years using fission track dating, a radiometric method which gives a reli- 
able measure of the date a mineral was last in a molten state. This date is one reason to doubt that the mag- 
netic pole shift or related events had anything to do with the origin of LDG. There have been many of those 
events since the LDG origination, and similar deposits should be broadly present where lands were arid dur- 
ing earlier events. But there are other desert glasses with unknown causes, so the question is open. 


Researchers have fallen into two main camps on the source of LDG: Meteorite impact and air burst. Opin- 
ions include assertions that it was melted at a higher temperature than any volcanic process can achieve, re- 
mained hot for a long time, and cooled slowly. 


The meteorite impact is supported by the trace presence of characteristic meteorite chemistry in LDG, along 
with predominant components of a sedimentary precursor material. However, there are two undated impact 
locations near the LDG site, shown in the following map as the BP Structure and the Oasis Structure. There 
may be other unlocated sites, of course. These may have salted the LDG original deposit before the creation 
event, leading to the trace chemistry. There is evidence of shocked quartz nearer the LDG site, which might 
be from an impact creating the LDG or some nearby impact. One additional meteorite has been found with- 
in the LDG strewn field. It arrived too recently to have anything to do with the origin of LDG, and I don’t 
know whether it could be implicated in the shocked quartz. 


Counting against the meteorite model is the lack of several typical indicators. There is no evidence of an 
impact structure. Though the glass has traces of typical meteor chemistry, there are no fragments of the me- 
teorite. But the impact was apparently into a surface about 400 meters above the current ground level, and 
all that evidence may have disappeared with the erosion. Reports have stated that no other impact glasses 
show the purity or internal equilibria of LDG. If this is an impact product, there seems to be no other quite 
like it. 


Finally, the total spread of the glass is quite small to have resulted from an impact some 30 million years 
ago. Though the surface scattering mechanism is clear, a much larger field would be expected after that 
time if the initial debris were spread as much as a meteorite would be expected to do. By contrast, the LDG 
dispersion after such a time is said to be best explained by the original deposit being virtually a point source 
rather than an impact debris field. 
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An air-burst model is supported by the absence of an impact crater that could account for LDG, and the fact 
that LDG consistently looks like it was melted in place. It does not appear to have been splattered by a me- 
teorite, but was heated as it lay, preserving internal layering and very large pieces. An air-burst sufficient to 
melt the LDG would theoretically be on the order of 100 megatons. No such air-burst elsewhere has been 
found in the geologic record, but that doesn’t rule it out. An air-burst does not adequately explain some of 
the high-pressure chemistry found in LDG, such as zircon forms. The LDG origin event remains contro- 
versial though more opinion seems to be on the impact side. 


My suggestion that a geomagnetic electrical event be considered is the first such proposal, far as I know, 
and has no following at all. The best reason to look further in that direction is that LDG is still considered 
an enigma, and there is perhaps conversational space for a novel idea. As we progress into the magnetic 
pole shift, the phenomena related to such events will become clearer. My focus is the fine structure of the 
glass itself, not the creating event. However, my discussion seems to repeatedly bump into what may be 
evidence against an impact or air-burst. 
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LDG is found in a roughly oval area (“strewn field”) measuring between 2,000 and 6,000 square kilometers, 
running generally north from a plateau between Egypt and Libya. The field is about 130 km north to south 
and 50 km east to west. The entire deposit of LDG is on the Egyptian side of the border, and no Libyan 
Desert Glass has actually been found in Libya. This area was traditionally called the Libyan Desert, hence 
the name. I have no idea where my seller’s material came from within that field. 


The total current quantity of LDG has been estimated at 1,400 metric tons, and the original quantity has 
been estimated at perhaps 10,000 times that, or 14,000,000 metric tons. That would be a glass cube about 
180 meters or 600 feet on each side. If the affected landscape were melted six inches deep, it would cover 
10,000 acres, 15 square miles or 40 square kilometers. 


The Sahara has been in its current arid state for only the last 7,000 years. The above image is a reconstruc- 
tion during its most recent wetter period. I have no reconstruction of what it looked like 30 million years 
ago when the LDG was created, or the various intervening stages, but this is enough to illustrate the present 
discussion. In this image the LDG current strewn field is shown as a red ellipse just below the center. 


When the LDG was created about thirty million years ago this region was in an earlier arid period. The area 
which would become today’s LDG field was about 400 meters higher than the current level, and whatever 
event created LDG took place on that higher surface. This was just north of the Gilf Khebir Plateau, visible 
in the preceding map below the red ellipse. The northern eroded slopes of the plateau may constitute the 
basement remnant of that higher elevation. 


The exact date for LDG creation is uncertain, with an uncertainty range of about three million years. This is 
just before the start of movement in the East African Rift System. The uplifting of the Gilf Khebir Plateau 
was a precursor to the start of EARS movement. I found no conceptual model that causally links the LDG, 
the EARS, and/or the Gilf Khebir uplift. It’s conceivable that the LDG was formed, the plateau was then 
uplifted, and erosion followed. 
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In the course of the LDG heat event, the top layer of loose sand, some thickness of sandstone, and some 
amount of quartz was melted together. The melt was extremely hot in some parts and may have cooled 
slowly, but there was no one recipe for the whole area. At the fringes the heat was intense but short-lived, 
the melted layer was thin and it solidified quickly. Farther out the sand barely melted, nearly retaining its 
individual and highly visible grain structure. 


At the center (if a radiant event) the melt depth may have been substantial, and if this was a meteorite it 
could have been hundreds of feet of melt along with vaporized minerals and thousands of tons of ejecta. 
The surface was naturally uneven, and throughout the area hot glass flowed into declivities before solidify- 
ing. In the hotter sections the glass may have thoroughly mixed the silica and quartz constituents, and 
boundaries between them were indistinguishable. In cooler areas the different component minerals re- 
mained clearly defined as the glass quickly solidified. 


After this event, the area continued its cycle of wet and dry periods. The LDG had melted and solidified on 
the surface, and this glass eroded and broke up over time. During wetter periods streams formed, LDG 
washed into those streams, and that which didn’t wear down to sand collected in the stream beds as heavier 
gravel and rock. In dry periods the land was worn down by wind and wind-driven sand, and the old stream 
banks wore away along with the land. 


The beds resisted erosion because their accumulated gravel formed a windbreak, so each such remnant bed 
became a low ridge, slowly eroding toward its sides. With wetter times these ridges developed gullies, the 
new streams carried the ridgetop gravels off to the sides, and collected those gravels at their beds, and the 
cycle repeated. In this way about 400 meters of elevation was removed in 30 million years, leaving the re- 
maining LDG scattered over a much broader area than the original formation. 


Samples from this field vary widely in their histories. Whether a sample is buried or exposed can be mea- 
sured by the effect of cosmic rays on oxygen and silicon in the piece. Slow etching by alkalis or weak acids 
leaves characteristic pitting when buried in damp environments, while abrasion by wind-blown sand can 
distinguish pieces that are exposed. Samples which have been tumbled in water show classic river cobble 
rounding. Samples of LDG show all of these, some of them showing multiple environments. This points to 
major redistributions and overturning of the material. LDG has been retrieved from exploratory pits down 
to about a meter depth, so this contrasting exposure is continuing. 


My sample set is too small for meaningful statistics, and the provenance of any piece is a total mystery. It 
could have come from anywhere in the strewn field. Its interval sequence and duration of exposure or buri- 
al, of river tumbling or erosion by blown sand, are purely guesswork. But there seems to be something go- 
ing on, and I'll take a stab at it. 
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Thesis Statement 


I propose that blowing sand may develop two features that are not immediately obvious, are highly ephem- 
eral and do not survive disturbance. These are (1) layers at the scale of one or two grains sorted by size 
(perhaps but not necessarily within the same chemistry), along with (2) strands of sand grains, like gems on 
a necklace with no cord. These planes and threads are entirely obscure to us, and can be revealed only un- 
der special circumstances. I propose that the flash melting of drifting sand can freeze these invisible layers 
and threads, and time can make them visible through weathering. 


Significant hurdles stand in the way of showing this. My only examples are LDG, and LDG is not a ho- 
mogenous body of flash-melted loose sand, it is a mix of sandstone, quartz and loose sand. Any one piece 
is not necessarily obvious about its state before it was melted. The melting temperature and duration are not 
obvious and are important. I lack the technical background and needed equipment. So there are issues. But 
I'll try to make my idea clear, and leave it for discussion. 


I'll cover the planes first, and threads second. 


Documents on LDG make offhand mention of planes within the glass. There are two obvious sources of 
planes - gross changes in stratigraphic chemistry, and layering as a relic of its sandstone past. Sandstone 
being typically sedimentary, it would be unsurprising to find layers caused by seasonal changes in the 
coarseness or chemistry being laid down. The two images below show layered changes in the glass chemis- 
try in one of my samples. The left appears to show sand or sandstone alternating with quartz and some kind 
of dirt. Such layer changes could be long-term changes in deposition, or debris from an underwater slump 
or similar event. The right shows a thin and wispy discontinuous layer within the upper clear part of the 
same sample, and I’d provisionally call it a little silt laid down along with the sand in water. 
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The other expected layering comes from the sandstone’s formation, perhaps in water, perhaps on land. In 
water, layers can form as varves - created by seasonal changes in deposition. This can be changes in the 
coarseness of minerals, such as larger grains in spring runoff into a lake, and smaller grains when the flow is 
slower. It might be seasonal changes in chemistry, with biomass being deposited at some times and not oth- 
ers. The above image on the left is microscopic layering from a lake in Sweden, while the right image 
shows much larger scale layering in sandstone. 


Sandstone can also form layers as petrified dunes, where sand already laid down by wind is wetted by a ris- 
ing water level, and grains are then bonded by calcium carbonate for example. Layers in dunes may be 
formed as slumps on the lee side, as sand building on the windward side periodically slips down. This can 
sort grains by size. These slumps can later experience rising water levels, dunes can be submerged, invaded 
by sediment and bonded to form sandstone. These processes can preserve the slopes in which the sand was 
laid down, as in the following image. 
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I am proposing something quite different, layering at the scale of one or a few grains, and in a span of sec- 
onds, as sand flurries blow in and settle down, or as loose sand in a breeze creeps and bounces along the sur- 
face. Each puff of wind may carry sand grains, smaller fragments and dust. The larger grains settle quickly, 
followed by fragments and dust. This creates layers not normally noticed, not visible to the naked eye, each 
a few grains thick. 


If this layering does in fact happen with blown sand, perhaps it’s old hat to geologists. It would be easy 
enough to test for. One way would be to press a strip of packing tape onto loose sand, pulling up the top 
layer. Successive strips of tape would take additional layers, each a horizontal slice of the sand dune, to be 
viewed and tallied under a microscope. These would not correspond exactly to layers as laid down, which 
must vary in thickness across a sample, but would more resemble how tree rings look when cut into veneer 
for plywood. Still the pattern should be clear enough. Another test might be to pour glue or acrylic into a 
few cubic inches of blown sand, and then cut and polish vertical slices of that for viewing. 


I suggest the different layers of large grains compared to dust and fragments will offer different levels of 
resistance to weathering after the loose sand is heated to glass. The ability of grains to retain any coherent 
crystal structure will depend on how fast the heating and cooling occurs. Where there is any persistence of 
the individual crystal lattices, this should give higher resistance to chemical attack. The same higher resis- 
tance should act in the case of mechanical abrasion, being more difficult to break atoms loose from a matrix 
than from an amorphous blob. 


If I’ve described a real phenomenon, it’s probably part of the first year geology lab. Lacking training in the 
field, I am merely trying to describe what to me are possible explanations for something I will later address 
in my samples. 
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My second conjecture is that blown sand forms threads. I suggest that the static electricity induced in blow- 
ing sand creates a magnetic field for each moving grain, and this magnetism causes grains to align in their 
lowest energy state as they land, creating depositional threads like loose beads lined up in a crafting tray. 


When melted to glass and cooled slowly enough, this alignment causes the strands of grains to predispose to 
crystallize following the lattice alignment. The lattice of the grains is the seed for the entire crystal. Where 
there is insufficient time to crystallize, any surviving grain structure still creates corresponding domains of 
strength with respect to abrasion or chemical etching. I use the terms “crystals” and “threads” to distinguish 
between these two states for the scope of this discussion. A crystal is a once-melted string of grains sharing 
a healthy lattice with minimal discontinuities. A thread is a string of grains with individual lattices aligned, 
either before melting, or after melting with many discontinuities or even no lattice shared between grains. 


Blowing sand generates electrical charges. At high and low densities of sand and dust, these charges tend to 
dissipate. At medium densities, sand and dust grains accumulate charges as they collide, in effect convert- 
ing the kinetic energy of the wind into electrical charges. This is the source of lightning in sandstorms. 
Lightning dissipates some of the static electricity, when it reaches high enough level, but the sand grains 
still retain a charge. 


Sandstorm Lightning 
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This charge persists near the surface of disturbed sand and in grains newly fallen from sandstorms. This 
charge may also start when sand is blown along the surface, without rising to the level of sandstorm. As the 
breeze grows, grains first roll, then bounce, colliding and accumulating charge. As the breeze continues to 
move them, the charge may build to the level that gives electrostatic repulsion, and grains become airborne. 
The electrostatic effect may appear from the top down, or grow from the bottom up, in effect. 


The voltage of the electrostatic charge can be estimated by the reluctance of sand grains to settle to the 
ground. The sand that seems to float above the ground comes from two sources - simple kinetic energy as 
falling grains hit the ground and bounce, and electrostatic repulsion. This repulsion can tend to lift grains, 
to slow the initial fall, or to prolong a bounce. A bed of sand is notoriously yielding to impacts, so a bounce 
is possible only where it is assisted by the electrostatic repulsion - where the grain is nearly weightless. The 
thickness of the airborne sand layer just above the ground shows the electrostatic voltage in play. 


Charged sand grains resist falling to ground 
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The sand grains falling to the ground are not merely charged, they are polarized, and this moving charge 
produces a small magnetic field. The magnetic field in turn induces a magnetic field in the recently arrived 
sand grains which still retain a charge of their own. So while the incoming grain is moving, it and the grains 
on the ground are magnetized according to the polarity of their respective charges. 


An incoming grain will bounce until it dissipates enough energy to sit. It will be somewhat less likely to 
bounce if it lands next to a grain that has the corresponding magnetic polarity. It will also be less likely to 
bounce if it lands near a grain close enough in polarity that the arriving grain can roll or be drawn into a 
compatible position. Once the incoming grain stops moving, the magnetic field disappears but charge re- 
mains, dissipating slowly. 


This effect becomes more prevalent as more sand arrives and settles. Recently arrived sand carries charge 
which is dissipating into the ground. New arrivals looking for a place to land, if you will, carry the same 
charge. They are electrostatically repelled by the prior arrivals on the ground, the force depending on the 
charges in each group. So new arrivals tend to float to a degree, and the float lasts longer as the sandstorm 
progresses or the breeze continues. 


An arriving grain may touch down in relative isolation, or adjacent to an already-stationary grain. If the at- 
rest grain is orthogonal to the arriving grain’s travel, the arriving grain is more likely to go on. But if the 
arriving grain butts up against a stationary one with an auspicious orientation, it could start a column of 
grains growing in the direction from which they are coming. In other words, if I am describing a real phe- 
nomenon, sand columns should align to the wind and grow against it. 


li \\ Liens 
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The propensity of a given sand grain to take a charge depends on the chemistry of the grain. For any given 
grain, the tendency of that charge to have one polarity vector and not some other orientation seems to owe 
something to the crystal structure, with perhaps some considerable slop in its precision. This suggests a 
thread of grains will share a common orientation of their member lattices, more or less. I don’t suggest that 
sand grains will sort themselves among threads according to their chemistry or purity, but only that threads 
(if they form as I propose) do so because they fall into a common lattice orientation. 


LDG is characterized as high-purity silica sand, but there will inevitably be some mix. A quartz interloper 
may stack onto the growing end of a chain, satisfying the electromagnetic requirement but interrupting any 
single crystal that can form from that chain. And the propensity to form this conjectural chain depends on 
the level of static being generated in any specific sand-laden breeze. So I am describing an intermittent pro- 
cess of unknown frequency. 


In sum, I suggest that sand grains will tend to electrostatically float as they approach the ground. They will 
settle (albeit reluctantly) where they find the least resistance, meaning in the company of earlier arrivals 
with a compatible magnetic orientation. This will frequently but not invariably give threads of grains with 
lattice alignments which agree. 


These mechanisms may work in conjunction. Where a breeze lofts sand grains and gives them charges, fin- 
er fragments will also be charged in the same way. The tendency to settle varies by weight, but the reluc- 
tance to settle depends on charge. So threads of grains may concatenate on the surface as the magnetic 
charge guides them, while smaller fragments float overhead slowly adding a finer layer, a puff of wind at a 
time. 
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I have briefly outlined two mechanisms which might explain apparent structures in my samples of LDG. 
To me these mechanisms are entirely conjectural, and there might well be some other explanation for what 
I’m seeing. I will use these two models to discuss the morphology of my samples, looking for what fits. 


The basic issue is that there is a significant level of detail being exposed in LDG by the weathering process. 
LDG is a glass, and I would expect it to break and weather like glass. When glass fractures it displays a 
characteristic curving surface called “conchoidal”, derived from a Greek word for a sea shell shape. Several 
minerals lacking cleavage planes, or whose cleavage plane does not line up with an impact, can fracture this 
way. Examples are flint, chert, and window glass. 


LDG is commonly described as having no crystalline structure. But crystals are primarily a product of slow 
cooling. Where lava cools quickly it gives obsidian, when more slowly it gives rhyolite with crystals most- 
ly too small to see, when more slowly still it gives granite with visible crystals, and so on. In all these 
forms the crystals are effectively random. 


LDG does indeed fracture like a glass, but after weathering it displays fine striations as if it has a structure 
approximating planes or fine linear crystals. Crystals that uniformly line up with sand as laid down, and 
which are at the scale of sand grains, suggest the melt retained the seed for the crystals in the survival of 
individual grain lattices. I don’t assert that all LDG must contain cryptic layers or parallel crystals; perhaps 
most does not. But where it does have either, there was some phenomenon that created them, and that’s 
what I’m looking for. 


Where LDG is formed by melting sandstone, it is unremarkable that it shows visible planes corresponding 
to planes in sandstone. The literature shows comments about the planes in LDG without being specific, and 
I take it they are presuming sandstone and/or quartz layering, and treating samples at a fairly gross level. 
Sandstone has layers corresponding to seasonal or similar changes in sand and other minerals being laid 
down, and these can be seen in LDG. 


Layering in Devonian sandstone and Libyan Desert Glass 
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But LDG also shows detail at the scale of individual sand grains, too small for sandstone layers, too small 
for slumps as dune peaks slide down the leeward side. Color changes show different minerals in sandstone 
layers as varves or petrified dunes, while LDG shows no change in color at finer scale from one to the next, 
whether thread or crystal. Most telling, the apparent crystals and fine planes in LDG follow horizontal lines 
as deposited, instead of being random as in volcanic glass. 


This image shows LDG with a scale in millimeters, and up to six horizontal lines per millimeter are visible 

near the image center. I suggest we are viewing the fine structure of an ancient bed of loose sand, captured 
by a fast melt event and made visible by weathering. Thirty million years ago a breezy day was captured in 
glass like a puff of air in a bottle. 
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Weathering 


There seem to be five weathering modes in play with LDG: Fracturing, Tumbling in water, Etching or cor- 
rosion by chemical or biological agents, Abrasion by wind-blown sand, and Devitrification. 


Any piece of LDG that was not part of impact ejecta was fractured. The largest piece on record, and large 
pieces available for sale, show where other pieces were broken off. Initial fractures were probably from 
temperature changes, and from the melted crust break up as rains washed supporting earth out from under- 
neath. Fractures can give us some useful information in two ways. They allow us to date some of the other 
weathering features, and they show human handling. Two of my pieces appear to be debris from knapping, 
and presence of other weathering gives some idea when that knapping might have happened. 


The primary dispersal mechanism for LDG was rolling down wadi bottoms, branching out from the south 
and moving mostly north and scattering to both sides. The entire field is about 130 km north to south, and 
the largest pieces are at the south end. I don’t know the location of the 800 kg mass, but it must be very 
close to where it was formed. We might (for this conversation) take 15% of the distance from the southern 
extreme as the initial site, and consider pieces at the northern equivalent, 15% short of the northern extreme. 
Pieces at that northern locus traveled for about 90 km along wadi bottoms as the crow flies, so to speak, and 
perhaps 150 km following the fish route. So typical LDG pieces in the northern part of the strewn field 
traveled about 90 miles bouncing on other rocks during wet intervals. 


River tumbling breaks off protuberances and rounds off rocks, and rounded rocks slowly wear down in 
overall size. The mass loss is not easily quantifiable due to the many variables. River tumbling is an excel- 
lent way to probe for weaknesses in rocks; if there’s a flaw, a few million random whacks will find it. River 
cobbles are desirable as primitive hammers since all the weaknesses have already been found. This is useful 
for evaluating LDG, since breaking at weak points tells us something about the duration and temperature of 
the melt event for pieces that have been tumbled. 
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Glass is also subject to chemical attack by alkalis, a few acids, and water. An alkaline environment directly 
dissolves a glass surface, steadily consuming it as long as the alkaline chemistry persists. Acids are less 
destructive, but do form holes in the surface and introduce avenues for further erosion. Glass also degrades 
by materials adhering to it and pulling away. All of these are in play during wet periods, and leave charac- 
teristic pitting of glass surfaces. This increases the surface area, making it yet more vulnerable. Finally, 
pits may be the relics of gas bubbles formed when the object was molten, which were opened to the outside 
after a period of weathering. 


The resulting pitted surface is typical of impact ejecta, tektites and obsidian. Small pits expand and the sur- 
face eventually is dominated by a few large cavities. In addition, the corrosion preferentially erodes softer 
layers, picking out internal structure, if any. The corrosive effect tends to create sharp edges, in the same 
way that one can sharpen a file by leaving it to rust a bit. The sharp edges are the first to go if the item is 
tumbled in water. So the sharpness of the edges in an eroded object gives an indication of what has hap- 
pened most recently, as tumbling and chemicals compete to destroy the piece. 


Pitting and layer-etching in Chinese natural glass 
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Abrasion by wind-blown sand is the primary weathering agent in dry intervals. Abrasion in water tends to 
round down the whole piece, as well as smoothing small details. Sand carried in water has to flow along the 
surface of any rock it hits; it cannot strike the surface directly. It can’t do anything except smooth the sur- 
face, subject to eddies and swirls. But sand blown by the wind can hit the rock’s surface at any angle from 
head-on to glancing. So wind-blown sand tends to exploit differences in rock hardness from layer to layer, 
and creates grooves or pits accordingly. 


Sandblasting in Sandstone (Zebra Slot) and Barnwood 


Sandblasting can’t pick out any detail finer than the average grit being used. Blasting by natural sand and 
grit can pick out grooves, but any groove being excavated by smaller grit is going to be rounded off by the 
full-size grains hitting the high points. So natural sandblasting will be good at picking out grooves down to 
the size of a couple grains, but no smaller. 


While not normally classed as weathering, devitrification may also have changed LDG over time. Glass is a 
very thick fluid, not quite a solid, whose molecules flow imperceptibly slowly. Devitrification (“devit”) is 
the collapse of an amorphous glass into crystalline form, as individual molecules fit themselves into an adja- 
cent lattice, slowly growing crystals throughout the body. As each molecule attaches to a lattice, it drops 
into a more stable harder state, and presents a new extension of the lattice to the next molecules in turn. It 
also changes the optical properties where the crystal is forming. 


Where the optical qualities are not critical, internal devit may escape notice entirely. As a problem, devit is 
primarily seen on the surface, giving rise to a cloudy appearance as random surface crystals scatter light. 
This can happen as a piece ages, or during initial creation. The problem is well known in glass production, 
and is typically addressed by manufacturing changes. A surface marred by devit may be cured by having a 
fresh layer of glass fused to its surface, safely burying the crystals. 
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Obsidian Before and After Devitrification Begins 


Devit typically starts at embedded impurities that act as seeds for crystals. Natural glasses have no shortage 
of impurities, and devit is commonly seen in obsidian, often destroying obsidian completely over about 
twenty million years. The devit process is entirely random; crystals grow from their seed point in any direc- 
tion, and crystals absorb unlatticed molecules until they collide with the crystal next door. 


I sketched two hypotheses that could create cryptic structure in desert glass, and one of these results in se- 
quences of sand grains aligned. Their lattices, or what’s left of them, are potential seeds for crystal growth. 
Where the LDG cools slowly enough, these may grow in the hardening glass as silica molecules fit them- 
selves into lattices, creating either healthy crystals with few discontinuities, or threads of roughly aligned 
lattices with many discontinuities. Competition with adjacent crystals for unattached molecules means nei- 
ther of these situations gives rise to clear and unobstructed facets, so the difference would be apparent only 
using lab gear beyond my means. 


Alternatively, these threads may be frozen in glass with only isolated lattices remaining for some or most of 
the sand grains. These lattices then become seeds for devit, in a process that differs from typical devit in 
two key ways. First, the crystal seeds are not random impurities but organized (though minuscule) lattices, 
so the piece is predisposed to kick off turbo-charged devit immediately. Second, the lattices are aligned in 
ranks and files, creating in effect skeletons for bundles of much longer parallel crystals than simple seeds 
could grow. Crystals are not constrained to grow in a given direction; they display directionality because 
their growing boundary first encounters a compatible crystal to bond with next to them in the thread. 


This raises the possibility that the apparent structure seen today on the LDG surface might not be an imme- 
diate product of slow cooling, but could instead grow over time from threads of seeds as orchestrated devit. 
While a given etched LDG surface shows apparent structure today, it might have shown little of that ten or 
twenty million years earlier, before it ripened. 


Both of those processes might be in play for the following samples. 
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LDG 03A 
Sample 1 - LDG_03 - Apparent Threads 


Sample LDG_03 is 3.5 inches long and just over half an inch thick. It is quite flat, with two of the major 
sides coming together to make an edge on two aspects (C and F faces in the image above), and the rest has a 
short flat and skewed face (D and E in the image above). The A side shown above is generally flat and has 
striations on the whole surface. On the left above these are subtle, and gives the impression that the surface 
is well aligned to the internal grain. The right side shows a cascading breakage as the piece becomes thinner 
starting about the middle and moving right. It looks like wood that’s deteriorated or broken off correspond- 
ing to growth rings. The B face below is convex and has no fine striations. A flute spans most of the lower 
face, and most of the surface is pitted. 
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As shown in images C and D above, the side A with striations is largely flat, and the pitted side B is a broad 
convex. The edge shown in C is rounded as if worn. Side D also shows fine striations, and the grain curves 
downward toward the left, roughly matching the curve of the convex side B. 


The difference between the two faces A and B is striking. For any weathered item there is always a ques- 
tion whether the two sides were exposed to the same environment, particularly where sandblasting is in- 
volved. But where chemical etching seems to be in play, it’s likely that both sides were in the same 
chemistry. 


When natural glass is chemically etched, the pitted appearance is typical. Random weaknesses in molecular 
binding become openings for dissolving. Microscopic pits expand over time, larger ones overtaking and 
erasing smaller ones, continually weakening the dissolving agent by feeding it. In amorphous glass there is 
nothing to stop a pit from growing as the glass dissolves. But a crystal is relatively robust, its atoms bonded 
to the lattice more tightly than to atoms beyond the lattice. So when a dissolving agent reaches the surface 
of a crystal it finds a more resistant structure, and spreads out to find weaker links, leaving behind exposed 
crystals. 
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The left and right sides of the A surface are shown below under magnification. The left side surface seems 
to be congruent with the grain of the mostly buried crystals and is smoother. The right side shows the erod- 
ed-wood effect. Under greater magnification it appears to show individual crystals being eroded from the 
right, where they rose out of the surface, consuming them toward the left. 


The appearance of individual crystals distinguishes my two conjectures. If no crystal threads were apparent 
from this angle, it could be explained as dry varves, with sand and dust interleaved, and now peeling open 
like plywood. But individual crystals argues that this was laid down in threads of grains. 


Evaluating this piece in the framework of my hypotheses suggests that the curved and pitted B surface was 
roughly the exposed surface during the heat event, and the flatter striated A surface was a half inch down in 
the ground. This is oversimplified, of course, since both surfaces are what remain after an unknown amount 
of etching. We are looking at not the exposed surface, but a bit lower than what was exposed. 


Again per my model, the upper (exposed) surface was entirely melted, and sand grains lost their lattice cores 
completely. Farther down, the lattices remained at least enough to either grow crystals as it cooled, or seed 
the eventual devit crystal growth. Neither of these should obtain if sand melts entirely to amorphous glass. 
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Left and Right Halves of Striated Surface A Magnified 
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LDG_03 D Showing Curved Crystals 


The same grained surface is seen in side D above, which is at a right angle to side A. While side A does 
hint at layers of wood, individual threads or crystals are clearly shown. The same threaded appearance from 
side D suggests that the structure of this sample is best described as threads of crystals following my second 
conjecture. In other words, if striations are found in two views that are at right-angles, then it looks like 
threads and not layers seen edge-on. 


Yet the plywood effect noted earlier clearly looks like layers. My thesis statement mentioned that the 
threads might lay down and finer fragments could settle more slowly on top, so that threads and layers could 
both be in play. This seems to be what has happened with this sample. Threads appear to be laid down a 
sheaf at a time. 


The key feature in the above image is the curve of the supposed crystals, which follow generally the curve 
of side B. We might characterize this piece as the crest of a sand ripple, and the threads show the sequence 
being laid down as the ripple grew. I’m not aware of another conceptual model for the curved striations. 


The heat event has been characterized as extremely hot, long-lasting, and slow-cooling. I suspect the “slow 
cooling” referenced in research papers alludes to these apparent crystals supposedly formed as the glass 
cooled. But the regular alignment of crystals argues that some lattices survived, and so the event could not 
have been both extremely hot and long-lasting for this sample. The contrast over a distance of half an inch 
suggests the heat event (in this item’s location) was too brief for heat to equalize over that minimal depth. 


If there was a significant difference in heating over a distance of half an inch, we can presume the ground 
below this piece would have been heated even less. So this item may represent most of the fused depth at 
its location, and this may explain the thin profile. The largest reported piece was estimated at 1800 lbs, sug- 
gesting substantial thickness and corresponding heat. So this piece is likely to be at some remove from the 
center, without trying to estimate how large the field was or where in it this item formed. 
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Sample 2 - LDG_10 - Knap Dissection 


LDG_10 is a flat piece 3” by 1.5” that was shaped by knapping. It looks like a practice piece, with a short 
flute on the right end of the A side above, and extensive material removal on the B side below. There is no 
apparent plan leading to a point or scraper. Some of the chipped area is glossy, might be contemporaneous 
with its modern collection, and I don’t consider it of any historical importance. Most of the surfaces ex- 
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posed by knapping appear to be etched and display the orientation of crystals. Even at this low magnifica- 
tion, the A side shows striations completely covering the surface in lines from upper left to lower right, and 
mirrored on the B side. 


The A side is smoothly curved except for the single small flake removed, and gives the impression of being 
the original sand surface. It has low rises on the left and right, and a slight depression in the center. For this 
discussion, I’ll treat it as the original sand surface, minus an unknown amount of etching. 


Sample 2 - LDG_10 - Knap Dissection 


markably long. 


Threads in the shallow A-side flute are congruent on its central floor, but shorter on the sides and discontin- 
uous with the original surface. This indicates that the striations are not something that accreted on the sur- 
face during weathering. The flute edge in the above image runs from lower left to upper right. The original 
surface is the lower right, and the flute sloped surface is upper left. 


Sample 2 - LDG_10 - Knap Dissection 


The A surface has many scattered pockmarks. Etched pockets tend to have sloped sides and rounded edges. 
These pockmarks have straight sides and sharp edges. I suggest these are left by rounded sand grains that 
had a higher melting point and failed to melt with the other sand, and have now been etched free. 


The image below shows a larger pockmark straddling a shallow trench running left and right, with a thread 
down the middle of the trench. Following my conjectural model, the trench edge threads and the central 
thread would have been deposited from one side to the other in continuous fashion. The larger grain seems 
to have had no effect on the formation process. I suggest this is a dropstone that fell later. 
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The B side has a sharp central ridge left by the knapping, with flutes running partway down the ridge from 
either end. Both flutes have curved bottoms which are partly congruent with the apparent threads. The E 
end of the ridge (above) has steeper slopes. While the apparent threads can be seen on the floor of the flute, 


they are harder to discern on the slopes outside the flute. The F end of the ridge (below) has a more shallow 
flute and additional knapping which makes that whole end more gradually contoured. The threads can be 
seen on the flute floor and outside it, obscured only at the cusps left by knapping. 
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Side B has pronounced curves where material was removed in large flakes. Where these curves are congru- 
ent with the apparent alignment as shown from side A, the lines of the threads become readily apparent on 
side B. Where the alignment is farther off, these are less clear. But even with a considerable slope, some 
linearity can be seen. It’s like fanning a paintbrush - even if only the bristle tips are visible, you can still see 
which way they’re all pointing. 


In the above image, the slope of side B at the E and drops off sharply, making an angle of perhaps 45 de- 
grees with the surface of side A. The rim of the drop-off makes a rounded C shape left of center. Even at 
this angle some trace of linearity is visible, but the predominant etching has converted to the pitting charac- 
teristic of natural glasses. The sides of the crystals no longer form an effective and concerted chemical bar- 
rier to the etching agent, and the raw ends erode as if amorphous. 


This sample shows structure over virtually every surface. The structure corresponds well to my thread con- 
jecture, and there is nothing that looks like layering. The structure seems to follow a single primary vector, 
which persists across multiple surface discontinuities. 
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Sample 3 - LDG_07 - Knap Flowed Glass 


I bought this piece for the ripples, for what might be seen in glass that flowed. LDG_07 is 2.25” by 1.25”, 
and thickens to about .75” at the F end. What I take to be the original surface is rippled like a pudding skin. 
It’s difficult to see it as anything but the product of knapping. The B side has a large flat face where it was 
split off a main block. Two long smooth facets make a bevel to the C side, and it appears a couple large 
flakes were taken from the D side. The C-A and D-A edges are the most protruding and are eased by 
weathering, with a sharper chip off the D side from a recent break. The entire surface is smoothed either by 
river tumbling or airborne sand, but the edges are not profoundly rounded. 


The most striking feature of this piece is that every surface has a scattering of circular or semicircular de- 
pressions with a prominent central bump. There is not a single example of the deep pit that seems to be left 
when a central object was removed, as was mentioned previously. So these do not seem to be objects being 
freed from the glass by etching, but instead are domains of the glass which are resisting etching. 


LDG_07A 
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I suggest these are crystals which present a rounded face as they emerge from the surfaces. The boundary 
between the crystal and the surrounding amorphous body seems to be a zone of vulnerability to the etching 
agent. The question for my discussion here is whether these have any evidentiary value. They might be 
random lattice survivors of the melt, perhaps grown through devit. They might be newly appearing crystals 
spawned by devit. Or they might be threads following my model, again perhaps grown over time. 


The surfaces have been abraded, so we’re looking at a random sampling of these objects being progressively 
sectioned. The etching agent has eroded a groove around each, deep and narrow enough to hold the native 
reddish clay that here serves as a dye, but not so deep as to look like a cylinder boring into the body. In oth- 
er words, the etching agent erodes this vulnerable zone preferentially but not obsessively. This means the 
etching doesn’t carve around the back and pop out a deeply embedded object. However, it should be able to 
extract the lowest slices of the embed, once the sectioning has removed most of it, and the possibly spheri- 
cal curve of the object leaves a progressively smaller circumference to be cut. Shallow pits should show 
where this has happened. 


The ratio of these pits and their depth would tell us something about the geometry of the embeds and the 
strength of the etching agent. There are innumerable very shallow dents, which could be such pits or could 
be random weak spots as found in any etched natural glass. But pits large enough to match the diameter of 
these visible rings are vanishingly few. The image of the A side shown below has one of those in its lower 
right quarter. 


To find so many of the circular and semi-circular marks and so few pits suggests that the objects are rela- 
tively deeper than their diameter. That is, if there are few bottoms being exposed as pits, and many objects 
overall, then the bottom aspect of each object seems to be a relatively small ratio to its size. In other words, 
these look a little thread-like. 
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A second reason to see them as being long and narrow is that they seem to have an orientation as they 
emerge from the surface. Where the eroded ring is complete, the etching agent found no difference in vul- 
nerability on either side. But where the ring is only partial, it’s tempting to say the object is oblique. I have 
no way to measure that for any given embed. 
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The above images are interesting regarding the objects’ angles. This instance is unusual in being eroded so 
far. It has a somewhat elongated hole opening, and when lit from behind shows a deep pocket highlighted 
by the red sediment. It being the only one, I can’t say it should mean much. 


In sum, these features suggest that threads are involved. They are at least not in conflict with the thread 
model. If these were on two faces, they could be explained as in one side and out the other. On four faces 
they could be a group of parallel threads on the diagonal. But it’s curious that they are also rising out of 
what looks like the original surface, here the A face. And on all faces there are at least some that are circu- 
lar, meaning not oblique. 


If we provisionally treat these as threads, what does it tell us? 


Since they are on every face, they were apparently subject to quite a bit of turbulence as the molten glass 
flowed. That would imply that the flowing was not a matter of a few centimeters, but was enough for com- 
plete overturning of the dollop, with stiffening to a topside ripple happening late in the process. Nothing 
remarkable about molten sand flowing freely in a significant heating event, but for crystals to be stirred 
means that long and slim crystals must have formed very fast and early. The thread model gives a mecha- 
nism for such fast crystal formation. 


Early attempts at optical glass were stymied by devit, and once it appeared in a batch it was not possible to 
remove. Presumably those problems have now been solved, but once it meant spectacles had to be made 
from quartz, for example. While surface devit can be cured by fusing a fresh layer of glass, internal flaws 
are less redeemable. Once crystals form in molten glass they resist destruction. 


We appear to have two options here. Standalone crystals may have formed at random through the object, 
either in the melt or later devit, and when eroded those appear on every face. Or threads formed early and 
were not destroyed by the turbulence of the glass flowing. The threads might be as crystals, or as sequences 
of aligned grains that could devit into crystals later and were not stirred enough to render all the sequences 
chaotic. 


This rock is more interesting than I expected. 
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Sample 4 - LDG_05 - Embedded Objects 


Sample 4 is about 2.25” by 1.5” as viewing the A face, and about an inch thick. It consists of two bodies of 
identical-appearing green glass joined by a thin lighter region. The D side image looks lighter, but this is 
because the light-colored joining area shows through the green glass better there, and the body of glass on 
the D side is thinner, letting more light through. 


The joining region (and the glass above and below it) appears to contain casts of at least three seed pods, 
two of which make a hole right through it. After subtracting the apparent casts, the cross section of remain- 
ing rock is a small portion of the overall joining region, resulting in two thin legs. That this vulnerable 
structure survived unbroken for thirty million years is remarkable. I have oriented the joining region as ap- 
proximately horizontal for these images. 


LDG_05B 
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The following two images are the D side in back and front lighting, with small swatches of black felt insert- 
ed. The glass introduces some distortion. The red lines are the true edges of the cavity and undercut space, 

per my calibrated eyeball. The blue line marks an overhang which recently broke off, leaving a thick glossy 
stub. 
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The image above is the D side (inverted) taken from the E end, showing the large pocket corresponding to 
one end of the through-hole. The broken overhang starts on the left beyond the end of this pocket. 


The image below is again the D side taken from the F end. The overhang starts at the right end of the scale, 
and the fracture begins about 13mm on the scale. The bump at about the 8mm mark might have been the 
contact point, if the overhang marks a hole symmetrical with the existing one. 
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There seem to be three possible sources for the cavities: They might result from chemical etching, they 
might be casts of some mineral, or they might be seed pods. 


Much of the lighter joining band is recessed (or has an overhang, depending on how we interpret it), but the 
A and B images above show this area at the F end and there is no apparent preferential etching. The 
through-cavity shows a considerable material loss above and below the joining band, so it’s not simply that 
the band itself is chemically vulnerable. But the undercuts and material loss are clearly centered on the 
whitish band. 


The cavities might be from some mineral that dissolved after the heat event. The precursor site is described 
as consisting of sandstone, sand and quartz. I can’t rule out some soluble mineral, and can’t guess what it 
might have been. The fortuitous alignment of blobs of such mineral seems highly suspect. 


They look like seed pods that left holes in the glass, as trees leave holes when lava flows around them. 


The above image (viewed from the D side) fills in the cavities with a proposed seed shape. If these are 
seeds there was presumably a plant stem each pair shared. Evidence for the shape of Y is the shape of a up- 
per bed and the existence of W next to it. Evidence for Z is a small upper bed and the apparent pattern of 
the other bodies, but it’s more conjectural. 
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It seems reasonable to interpret this piece as representing three or four seed bodies. This lets us flesh out the 
picture, and I use this framework for the remaining comments on this piece. We have two plant stalks lying 
on the sandy ground in a desert environment. The plant is completely dry, probably as part of its normal 
state during dry intervals, waiting for rain. 


The seed pods are lying on the ground in their flattest orientation. Parenthetically, the seeds are likely to be 
quite flat. As desert plants, they need to quickly absorb any water when it presents the chance. So while the 
seed pods would be smaller than the current cavities (since the entire piece has eroded to some degree), the 
cross section shape is likely to be approximately correct. 


Leaves of the plant are lying flat on the ground as well. With the plant lying in that position, additional sand 
was deposited over an unknown interval. This covering may have blown in and blown away more than 
once as the seasons passed. This sandwich was then subjected to the heat event. The pods were reduced to 
charcoal as the glass cooled but had insufficient oxygen to consume them completely, while leaves instantly 
went to ash, leaving a whitish layer marking the old ground surface. I have no way to determine where this 
piece was in the geographic scope of the heat event. 


The ability of seeds to withstand pressure is not normally how they are evaluated. Seed strength is usually 
calculated in terms of a hull fracture ratio in a tumble environment of measured small impacts. But we 
might use 200 psi as a working number, the pressure exerted by a strong human bite, and in the same order 
of magnitude as the internal pressure of popping popcorn. This is a very informal number. 


We can use this arbitrary seed pod strength as a yardstick, amounting to about 1 mega-Pascal (MPa). The 
pressure at ground level generated by meteorite shockwaves has been calculated in the range of 1 to 100 
GPa, or 1,000 to 100,000 times the pressure needed to crack a seed. Modeling of meteor airbursts also can 
give ground pressures in the | GPa range, varying widely depending on parameters. 


A meteorite hit or air-burst has been proposed as an explanation for LDG. It seems improbable that either 
of those would be both intense enough to melt the sand to glass, and yet too gentle to flatten a pecan. A 
purely electrical event might make a better candidate source for LDG. 


It was not my goal to show that vegetable material survived, although that’s what seems to have happened 
here, but to understand the crystalline structure that keeps appearing throughout these LDG samples. So for 
my thesis the importance of these seed pods is in helping illustrate the formation and deformation of my 
postulated threads. But the evidence against a shock is intriguing. 
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This sample shows the most pronounced side-view striations of my collection. Sample 1 (LDG_03) showed 
clear striations on its D side, including apparent crystals following the curve of the supposed surface. Sam- 
ple 2 (LDG_10) showed apparent crystals covering the entire original surface, but not much from the sides. 
Sample 3 (LDG_07) seems to be crystal spaghetti. But sample 4 seems to have fractured in line with the 
apparent crystals, leaving both the A and B sides covered in long lines. This seems to suggest the crystals 
are a nontrivial strength factor in the glass. 


The first image below is side A, the second is side B. Both sides have pockmarks, but the striations can still 
be seen on the flatter bottoms of those pits, and partly running up the sides. 


Omm 5mm 10 ji 20 
titi ditt 


? tit 
Ci ee ee 


Letititititititititilil iL 


Sample 4 - LDG_05 - Embedded Objects 0.50 45 


=: 


iif 5mm 10 15 7 
Hititily 


10 15 20 
cletetititititititel 


Above left is the E face, and right is the F, with the white layer again held horizontal. They both show frag- 
mentary striation, but nothing like the A and B sides. Within the framework of my thread/plane models, 
these might be planes of threads as were seen in the plywood-looking weathering on sample 1. They could 
also be threads laid down crosswise when the breeze was more or less orthogonal to the A/B faces. To illus- 


trate, the following shows the E face again, side by side with an annotated version showing where I see 
lines. 


Sample 4 - LDG_05 - Embedded Objects 


This is the first sample where we have to consider the sand void ratio - the space which is not sand. A typi- 
cal void ratio for sand with mixed particle sizes is 0.3 to 0.4. We can presume the same ratio for my prior 
samples here without doing violence to any of my descriptions. The basic compression mode for all sam- 
ples is that the column of sand vertically scales downward accordion fashion to 60% to 70% of its original 


height. This seems not to bother the threads, and the chaos implied in the flowed piece (Sample 3 - 
LDG_07) indicates that much more turbulence can be tolerated by threads. 


The image above is the opening on the A face. Below is the same image with the striations picked out in 
white, and the separation band in red. The opening is a diagonal cut across the postulated seed pod, but the 
opening also has some flare, so it’s still a reasonable approximation of the cross-section as seen straight 
through the hole. 
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When the sand heated and melted, it would have lost about a third of its height, and the void space air would 
presumably have exhausted downward. Notable is the lack of any perceptible distortion in the grain above 
or below the hole. If the seed/charcoal were softer than the glass, it should be relatively compressed and the 
striations above and below the hole should deflect toward it. If harder, the striations should wrap around it 
as the sand compressed. My thesis gains nothing when the sand seems so grandly indifferent! 


There is an interesting wrinkle at the left edge of the hole, highlighted below. Again the separation zone is 
held horizontal, and the grain rises to the right as the lines turn to follow the inner face of the hole. Just at 
the edge of the hole seems to be a pronounced dip. If my conjecture is valid, these threads must grow to- 
ward the oncoming breeze, which here must be from the right or left. Ifthe prevailing breeze were from 
the left, this would be the place to find a scour, and these lines may sketch it. This might be the best hard 
evidence that there was a real object embedded in the glass. 
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Sample 4 provides two additional pieces of evidence that the striations are a feature appearing through etch- 
ing. The first is the above image of the broken overhang on the D side, here viewed from the B side. The 
separation layer is horizontal across the top of the image. Striations are visible at the left and right sides 
above the midpoint of the image. The plane of this break is somewhat oblique to the A and B sides, so the 
visible striations are not long. The break itself is clearly conchoidal, and there are no lines across it corre- 
sponding to the horizontal striations. 
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The final view of striation is this break on the A side left edge, here rotated 90 degrees clockwise for space. 
The break was once glossy, but etching has now started to bring out the striations as a thin imitation of those 
visible to right and left of the scale. At the top right of this break is a genuinely fresh and glossy conchoidal 
fracture. Wherever they turn up, striations consistently appear as a weathering feature, not a product of 
fracturing. 


Many stories in this rock. There is no sign of layering, but nothing here seems to be at odds with my thread 
models explaining the striations. Even so, more distortion on the A side above and below the through-hole 
would have been gratifying. 
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This triangular piece is just under three inches on each side, and about 1.25 inches at its thickest. There are 
ten or more seed pods or similar objects implicated in the piece, either entirely enveloped or suggested by 
external dents. The central cavity is remarkably large, having three external holes and three apparent pock- 
ets left by the possible seed pods. The central cavity preserves some very detailed surfaces that were pro- 
tected from impact. There are three main through-holes, counting the three-ported central cavity as one. 
This is a very complicated item. 
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The large central cavity raised the possibility that it had an interesting story to tell regarding seeds. When 
Sample 4 led to the conclusion that seeds had been able to sustain their space during the heat event, the 
prospect of seeing that again was intriguing. 


The image above left is the central cavity back-lit seen from the B side. The diagonal edge at the lower 
right is actually an overhang, so it looks different from the A side. The image above right is the other main 
through-hole back-lit and seen from the A side, and the hole runs from the D-E corner more or less parallel 
to the E side. 


A large flat face is visible flat-on from the C side, and makes a vertical line in the A image on the previous 
page, running from the top point and down about half way. This is a fracture which has been later etched. 
The image below shows the face from the C side, with the A side down. 
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The flat face contains enough information to suggest the orientation of the piece. The closeup at top left 
shows the conchoidal ripples, and the top right image shows horizontal striations. This face fractured off 
and was chemically weathered, but it’s enough to say that my model would call the A and B sides horizontal 
along this left-right axis. The above views have the A side on the bottom. 


The image at center above is on the D face right side, so it’s the “back wall” of the fractured face. It shows 
striations matching the orientation of those on the fracture face. 


The images below are at the corner between the B and E sides, with B on top. The left image shows stria- 
tions curving sharply up toward the B side, having been more horizontal to the right side of the image. The 
right image shows the corresponding circular marks on the B side, which I take to be the butt ends of these 
apparent crystals. 
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If the A and B sides were horizontal over substantially their whole faces, my model would make a couple 
predictions. One of the faces might be the upper side as in Sample 1, melted to total amorphous glass, leav- 
ing some pitting but no striations. Or they could both have striations as the underside of Sample 1. But in- 
stead the A and B sides of this sample (above left and right respectively) are solidly covered with circular 
structures which I have described as the butt ends of crystals. 


This suggests that the A and B sides are not even close to horizontal, or perhaps that the entire piece was 
well melted and agitated, or my conceptual model is worthless. The striations on the fractured side argue 
against thorough melting. The piece also displays subtle coloration changes suggesting what the real hori- 
zontal was. When the piece is rotated to that plane, and the striations on the fracture are held horizontal, we 
get the image below. Here we are looking at the C side on the left, the E on the right, and the A side 
obliquely up. This is the view from about the item’s equator. 
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The above image shows the piece rotated about its vertical axis, showing the E side, which appears polished 
from wind-blown sand. The through-hole parallel to the E side has a swab stuck through it, and it now lies 
on what would have been the flat ground if this marks a fallen stick. The hole widens considerably inside, 
so this seems to indicate another seed pod on its stem once lay on the ground and was covered by sand. 

This is not exactly evidence, but it seems plausible. 


Several consequences flow from provisionally adopting this orientation. 


First, this explains the absence of striations on the A and B faces. These aspects were not even close to hor- 
izontal (1.e. parallel to crystals), but also were not orthogonal to crystals. So we get the differential etching 
of the crystal cross-sections as they emerge on the oblique surfaces, creating the characteristic circular 
forms. The luck of the draw gave us one clean fractured face (and the D face vignette) where etched stria- 
tions could indicate horizontal for one axis only. If not for that, the entire piece might have had the look of 
having flowed while molten, as in Sample 3. 


Second, this means the melt depth was considerably more than the measured thickness of this sample. The 
thickness is about 1.25”, but when posed as above the total depth is about 2.5”. This is a bigger schema. 


Third and most important, this builds a context for the piece. The sample is not an isolated piece that hap- 
pened to contain four seed pods, but was a boundary fragment of a much larger mass with multiple void 
spaces once containing seeds. In other words, this was a significant and fragile body. 
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Consider the fragility of the piece from the image above. A large cavity takes up a third of the cross-section 
as viewed from either the A or B side, which are the largest sections. A second cavity takes up a further 
sixth of it or so. The large hole through the main cavity above has a smaller secondary hole visible on the 
right, and there’s an even smaller one next to it because the material is so thin. It’s remarkable that it sur- 
vived the collection process, not to mention life in the wild. 


The image below looks into the main cavity. The blurry spot in the back is the smallest hole in the main 
cavity. The blade-like edge at top center is the membrane between two supposed seed pods, where the 
pods’ rounded surfaces touched and molten glass filled the space between them. It is sharp enough to draw 
blood. Etching has certainly played a role in keeping that edge sharp, but that’s a noteworthy feature to 
have survived thirty million years in the wilderness. 


And this was where the piece DIDN’T break. When this sample broke off from some larger piece, this frag- 
ment riddled with cavities and glassware was not even the weakest link. 
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The image above shows the piece from approximately straight up, holding the piece tilted as earlier, expos- 
ing mostly the A and D sides. The yellow ovals all mark large smooth depressions matching the size and 
curves of what have appeared to be seeds. The blue oval indicates the apparent edge of a seed-shaped pock- 
et where the small striation vignette was found (short red line) that matches the large fracture face with the 
better striations (large red line). The white oval appears to be a depression, but seems too flat to be a seed 
pod, and I suspect it’s a fracture plane with a possible conchoidal ripple. 


Asserting that these shapes are seed pod casts would be outrageously presumptuous if these were presented 
in isolation. If this were an unremarkable hunk of LDG, and given the accepted narrative of a meteor strike 
for its formative event, identifying these as vegetation relics would be silly. But we have four similar com- 
plete casts a fraction of an inch away from these, and those casts make up the vulnerable and fragile zone 
that didn’t break. While some of the marks in the above image may not be correctly identified as seed casts, 
it is reasonable to say there must be enough seed casts here to make this the plane which was weakest. 


Further, the part which has now broken off is unlikely to have fractured early in this sample’s lifetime. The 
fragility of the A side argues that those delicate arches could not have survived thirty million years naked to 
the world. The D side is heavily rounded as if the piece were tumbled along wadi bottoms. The A side had 
to have been protected from that. The blade-like cusp could survive only if it was safely cradled in a well- 
closed inner cavity, preventing pebbles from washing in. This means the A side (and some part of the C and 
E sides) formed the connection to a larger block. 


With respect to my model, this piece again shows thread-like striations. Where the apparent grain of those 
threads meets an oblique surface, it again shows circular pitting. There are no signs of layers, as were seen 
in the first sample, but there is nothing here that conflicts with my conjectures. 


The most remarkable aspect of this item is not its support for my model but its fragility, and again we have 
to confront the shock question. This sample (and its larger and even more fragile parent object) survived the 
heat event intact with what appear to be many uncrushed seeds. It’s increasingly difficult to maintain that 
an air-burst or impact event was what melted the sand to glass. 
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Denouement 


Libyan Desert Glass pieces with pronounced striations are common but not prevalent. The marks are easy 

to see at a gross level, and such pieces can easily be obtained. Whether my conjectures are valid regarding 
the cause is as yet uncertain. The question is whether my explanation is at least useful, and further whether 
it might even be correct. The evidence so far seems to raise a number of issues. 


Some fraction of the LDG flowed when melted. Near the center of the heat event the amount of flow may 
have been considerable. The record 800 kg piece may have been in a shallow declivity, and amounts to on- 
ly a third of a cubic meter. It wouldn’t take much of a slope to flow that quantity together. My sample 
LDG_07 shows flow, and the apparent thread-ends showing on all faces gives the impression of complete 
turnover and tangling of the threads. 


One question raised by this sample is whether we’re looking at the robustness of a crystal or the persistence 
of sand grain orientation. That is, did a sequence of grains manage during the melted phase to link their lat- 
tices in a crystal that survived stirring although bent? Or was there a sequence of grains lined up by my 
conjectural process, which persisted even though the grains’ lattices were not yet married? Are we looking 
at the flexibility of a crystal, or the ability of a viscous medium to smoothly orient discrete objects? And if 
the second, were these discrete lattices then oriented well enough for devit to merge them, albeit somewhat 
discontinuously? 


Another strength-of-crystal issue is shown by the tendency for samples to fracture into flat faces covered in 
striations. That is, the crystals appear to be guiding the fractures of the pieces. Sample 1 (LDG_03) showed 
what appeared to be a well-melted top surface matched by a completely striated underside. The crystal 
strength was apparently enough that the slab break aligned with the crystals, and when it broke across the 
grain it shattered like layers of plywood. And the only minor side wide enough to be called more than an 
edge showed continuous striations again, suggesting another preference plane. 


Sample 4 (LDG_05) showed the same heavy striations, but its E face also showed a few lines which I indi- 
cated above. It would be unwarranted to say there is any special property of the A or B or indeed E face 
that led the rock to fracture at that point. It is rather the orientation of the cryptic structure that is being dis- 
closed by weathering, once each of those faces is exposed. A fracture parallel to A or B that removed either 
more rock or less could be expected to give the same striations. 


When the cryptic structure is consistent, when enough threads are parallel, such a structure appears to drive 
the tendency to fracture on a given plane. Any other facet orientation is left to the luck of impacts or per- 
haps inclusions. When sample 4 was broken by an impact that couldn’t take advantage of the A/B parallel 
crystals, perhaps the next most-populated plane of the E face set the angle. When there are not enough crys- 
tals to drive a plane, the surface will be butt or oblique ends and will display either no special detail or per- 
haps tell-tale circular features. 


If this is valid, if my conjecture is correct, then the built-up layers and threads here frozen in glass should be 
thought of as statistical samples of breezy days. This suggests an experiment. A disk of LDG could be cut 
with a vertical axis, and its edge then etched to reveal possible striations. These should appear and disap- 
pear in segments around the disk as the edge goes tangent to them. They should also mirror on opposite 
sides. By their density and relative direction, these would indicate the variability of winds as experienced 
by this sample. If the sample has any magnetic signature, even the compass direction of winds might be 
read off. 
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The unexplained striations in these samples caught my attention and is my main topic, but LDG first came 
to mind when considering the magnetic pole movement and possible electrical surges. The curious evi- 
dence of embedded seeds makes it likely that there was no substantial shock involved in the heat event. Yet 
there is some evidence (in zircon) of high pressure. This leaves open a couple questions. 


One of these is the possible effect of electric current on crystal formation. The flowed Sample 3 (LDG_07) 
has what I take to be crystal butt ends on all of its faces, and some of these are remarkably large. Striations 
on some samples are on the order of 0.1 mm, but the circular scars on Sample 3 are up to nearly 1 mm. An 
open question with regard to that sample is whether the crystals formed in the melt or by devit later. 


If the mass was disturbed enough to leave relatively few intact seed lattices in more-or-less organized 
chains, then each contorted crystal would have had few competitors for the unattached molecules around it. 
So the question might be worth exploring whether these very fat crystals can be attributed to (1) devit ina 
rich environment or (2) very rapid growth in the melt, turbo-charged by an electric current and agitated by 
flow. If it turns out that electricity facilitates silica crystal growth, this might be relevant in understanding 
the heat event. Pretty sure someone already has the answer to that. 


A related issue is the zircon. Its formation seems to be exclusively considered a high-pressure phenomenon. 
I find no mention of experiments with electricity or interest in its potential, but it might be worth exploring. 

The possibility remains open that the zircon and other meteorite indicators were salted into the LDG area as 
part of the strewn field from either of the two known nearby impacts or some other. 


The most intriguing aspect of the apparent crystals in LDG is that they seem to grow in the wrong direction. 
LDG is described as having been very hot and cooled slowly. Reading between the lines, this is crystalliza- 
tion being recognized by geologists. Crystals appear in once-molten material through three primary avenues 
- seeds spawn crystals in all directions during slow cooling, seeds spawn crystals in all directions by devit in 
cooled natural glass or amorphous solids, and crystals grow through the gradient of cool-to-warm when the 
melt solidifies slowly enough. 


LDG crystals, on the other hand, are parallel to the ground surface as best we can determine. They don’t 
grow slowly from the cooler zone (which would be the top here) to the warmer, as the (non-crystalline) col- 
umns did in Devil’s Tower et al. And the pronounced gradient of heat, as evinced by Sample 1’s transition 
over the span of only an inch, argues on its face against slow cooling. What LDG crystals do pretty well 
and quite consistently is chart a line that plausibly was once the surface of a sand dune, and this calls for a 
model to describe the underlying process. 


There is no reason to think that the dunes which became LDG were different from silica sand dunes any- 
where in the world. If my conjecture is correct about LDG, then this thread building process is the natural 
behavior of blowing sand everywhere. Libyan Desert Glass merely makes it visible. 


